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Introduction
At present, the world energy shortage, aviation kerosene as fuel for aircraft engine, also attracted many attentions of the aviation sector all kinds of personnel, or to seek new energy instead of aviation kerosene, or to seek the new method reduces the aircraft engine fuel consumption. Therefore, as one of the evaluation of aviation engine performance indicators, the fuel consumption rate cannot be ignored, and the fuel consumption rate depends on the fuel consumption. Generally, when the performance of turbofan engine is evaluated, the working fluid is assumed to be ideal dry air. The performance of the engine under nonstandard atmospheric conditions is converted to the standard atmospheric condition by using the conversion formula, and then the performance of each condition is compared. However, in the actual work of the engine, due to the differences in the environment, such as in the humid, sea level and rainy weather, the air contains a certain amount of water vapor. The study shows that [1] [2] [3] [4] , the change of intake air humidity will cause the change of the thermophysical properties of the working medium, which can affect the fuel consumption rate and other performance indexes of the aero-engine.
Abroad in the intake air humidity on engine performance have been studied, Samuels and Gale [5] proposed the correction method of engine performance parameters of the humidity, this method has been widely accepted, and within a certain range applied to any aircraft engine. Bird and Grade [6] analyzed two ways of the influence of intake air humidity on gas turbine. The results show that the correction parameter of two methods is a function of absolute humidity under the condition of high humidity test, and the correction is between 0.1-0.8%. Hanachi [7] through the establishment of gas turbine model under the detailed wet air condition of, and the calculated results compared to ignore the humidity effects model, research has shown that a model considering the influences of humidity will provide a more accurate indicator, especially when the inlet humidity increase. The domestic research on the influence of intake air humidity on engine performance was relatively late, and the research work mainly focused on the analysis of the humidity correction coefficient of engine performance parameters [8] [9] [10] . In the public literature, when studying the influence of intake air humidity on engine performance, there is no specific analysis on the characteristics of engine parts, like the influence of compressor characteristics and combustion characteristics on the engine performance. Zhang Yinxian [11] studied the effects of different air humidity on the gas turbine performance, results show that the humidity of the gas turbine stability and dynamic characteristics have a certain influence, but the impact is not great. Zhang Yun [12] et al. studied the effect of inlet humidity on engine intake and gas thermal parameters, and using the similarity analysis method to obtain the humidity correction coefficient curve of each conversion parameter of the engine. Lin Xuesen [13] et al. analyzed the failure of turbo shaft engine after overhaul, and pointed out that the influence of humidity is one of the unqualified factors. At present, there are many researches on the correction coefficient of humidity, but in the study of the influence of inlet humidity on the performance of the whole engine, the analysis of the influence of the air humidity on the characteristics of the specific components of the engine is lacking, while the characteristics of the components directly affect the performance of the engine. Therefore, it is important to analyze the influence of intake air humidity on the compressor characteristics and the combustion characteristics, in order to analyze the influence on engine performance.
In this paper, a mathematical model of inlet humidity and a mathematical model of compressor are established, besides carry out the humidity correction of compressor. At the same time, the influence of the specific heat of the water vapor and the dry air on the combustion efficiency is considered. Finally, based on the engine performance parameters of humidity correction, by using turbofan engine calculation program to calculate that: with the intake air humidity of the turbofan engine changes, how the engine performance changes, especially the influence on the fuel consumption rate.
Assumptions
In order to better evaluate the influence of intake air humidity on turbofan engine performance, and simplifying calculation model, this paper assumes:
(1) The influence of condensation of water vapor is not considered in the range of air moisture content calculated in this paper.
(2) When the air moisture content changes, the effect of the change of Reynolds number on the performance of the engine is ignored.
Engine Model

Mathematical Model of Intake Air Humidity
Intake Air Humidity. Intake air humidity is the amount of water vapor content in the atmosphere or the degree of atmospheric humidity. There are many methods to express the intake air humidity. In order to facilitate the calculation, the air moisture content is used ‫ܦ‬ to express in this paper. The air moisture content refers to the quality of water vapor that coexists with a kilogram of dry air in wet air [14] . Express as follows:
Thermodynamic Model of Intake Air Humidity. In the process of calculation, we assume that the wet air, dry air and water vapor are ideal gas. Since the thermophysical properties of water vapor are different from those of air, the thermophysical properties of wet air vary with the change of moisture content. The calculation formulas of thermophysical properties of wet air are as follows:
In the calculation, the performance of the engine is calculated according to the ground state. According to the global standard atmosphere, atmospheric maximum moisture content can reach 0.035 (kg water vapor /kg dry air). Therefore, the maximum moisture content in this paper is set to 0.035 (kg water vapor /kg dry air).
Compressor Model
Mathematical Model of Compressor. The compressor outlet parameters are calculated as follows [15] :
(1) Compressor similar conversion speed n େୡ୭୰
(2) Compressor inlet conversion flow W େୡ୭୰ and efficiency η େୡ୭୰
In which C ୫େ is correction factor for compressor flow. (9) where C େ is correction factor for compressor efficiency.
(5) Total temperature T ଷ and total pressure P ଷ of compressor outlet
P ଷ = π େ P ଶଵ (11) where f ୟ is oil gas ratio, here f ୟ = 0, h ଷ is specific enthalpy for compressor outlet. 
Assuming that the flow in the inlet is an adiabatic flow, when the inlet temperature is constant, and the other parameters remain unchanged, if only change the inlet humidity circumstances, does not affect the compressor inlet temperature. Then the humidity correction factor of rotation speed CH ୬ is
(2) Humidity correction of flow rate, pressure ratio and efficiency Compared with dry air, the gas constant and specific heat ratio of wet air change little with the change of moisture content. Therefore, this paper uses the small deviation method to predict the influence of humidity on other parameters of the compressor.
The relative variation of the gas constant and specific heat ratio is defined as follows:
The relative changes of flow rate, efficiency and pressure ratio are as follows, The derivation process is referred to [16] . where λ ଶ is inlet velocity coefficient for compressor.
Mathematical Model of Combustion Chamber Temperature Rise
Since the specific heat of constant pressure of water vapor is larger than that of dry air, the fuel supply must be increased in order to keep the combustor outlet temperature constant during combustion. The calculation model is as follows:
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Calculation Results and Analysis
Effect of Air Moisture Content on Thermophysical Properties of Working Medium
Since the thermophysical properties of water vapor are different from those of dry air, when there is water vapor in the dry air, the thermophysical properties of wet air are different from dry air. The specific heat, the constant of gas and the specific heat ratio of moist air vary with the air moisture content as shown in Figure 1 . In Figure 1 X respectively represent air specific heat ratio, gas constant and Specific heat capacity at constant pressure under a certain air moisture content. X0 respectively represent when the air moisture content is 0, the corresponding air specific heat ratio, gas constant and specific heat capacity at constant pressure. It can be seen from Figure 1 that the specific heat of wet air decreases with the increase of air moisture content, but the gas constant and specific heat capacity increase with the increase of air moisture content, in addition the specific heat of constant pressure increases more. This is because in the same conditions, the gas constant and specific heat ratio of water vapor are greater than that of dry air, but the specific heat ratio is smaller than that of dry air. Based on this, when the air moisture content increases, which is equivalent to the increase of the content of water vapor in wet air, the gas constant and the specific heat of constant pressure rise, while the specific heat of wet air decreases. It is shown by formula (4) that the specific heat ratio decreases with air moisture content, it is equal to the ratio of the gas constant and specific heat at constant pressure decreases. It is indicated that the increase amplitude of constant pressure specific heat is larger than that of gas constant.
Effect of Air Moisture Content on Compressor Characteristics
Due to the change of the thermophysical properties of the engine inlet air, the characteristics of the engine components will also change. For the compressor, the change of humidity will change the flow rate, speed, pressure ratio and efficiency of the compressor. The calculation results of the parameters are shown in Table 1 . As shown in Table 1 , when the intake air humidity increases, the dry air flow rate and pressure ratio are decreased, while the speed and efficiency are increased. When the air moisture content is 0.02, the dry air flow is reduced by about 0.6%, the rotating speed is increased by about 0.8%, the pressure drop is negligible, and the efficiency is increased by about 0.7%. Therefore, the results show that the air moisture content change has little effect on the compressor pressure ratio, and can be neglected, but for efficiency and speed and flow rate is slightly higher, especially the change of flow rate will directly affect the performance of the whole engine.
Effect of Air Moisture Content on Fuel Consumption
The influence of engine intake air humidity on fuel consumption is mainly affected by fuel consumption. According to formula (21), as the heat capacity of water vapor is greater than that of dry air, when the turbine outlet temperature remains constant, with the increase of air moisture content, the fuel consumed in the combustion chamber will increase accordingly. The calculation results are shown in Table 2 . is found that the fuel consumption increases approximately with the increase of air moisture content, with an increase of 0.01of air moisture content, the fuel consumption is increased by 2.7%, Compared with the influence of the change of intake air humidity on the compressor characteristics, it has a greater impact on the engine fuel consumption.
Effect of Air Moisture Content on Thermodynamic Parameters
Because of the change of air moisture content in the inlet of engine, the thermal physical properties of the engine working medium are changed, which has certain influence on the engine parts and the parameters of each section of the engine. The thermodynamic parameters of the engine are calculated under the condition that the exit temperature of the combustor is kept constant. Table 3 lists with the air moisture content change, fan and compressor import and export total temperature, total pressure and afterburner outlet total temperature, exhaust velocity and thrust unit changes. total temperature and total pressure of the compressor inlet and outlet are slightly decreased, and the amplitude of the decrease is not big, within 1% but the exhaust speed and unit thrust increase slightly. As the air moisture content increased by 0.01, the exhaust velocity increased slightly, about 2‰, and within the range of air moisture content calculation, the unit thrust increased by about 0.06%, which can be ignored.
Effect of Air Moisture Content on Engine Performance
According to the calculation model of turbofan engine, the performance of the engine under different conditions and the influence of intake air humidity on engine performance is obtained, as illustrated in figures 2 and 3. As shown in figures 2 and 3, the total thrust approximately decreases linearly with the increase of air moisture content, and the fuel consumption increases approximately linearly with the increase of air moisture content. With an increase of 0.01 of air moisture content, the total thrust is reduced by about 0.3%, and the fuel consumption is increased by about 3%. From the previous analysis, the decrease of air flow rate is greater than the increase of exhaust velocity, leading to a decrease in the total thrust of the engine, At the same time, the fuel consumption is increased because the steam heat capacity is larger than the air, Although the unit thrust increased slightly, the increase amplitude was less than the increase of fuel consumption, which eventually led to the rise of fuel consumption.
Summary
Based on the model of intake air humidity, the influence of the intake air humidity on the compressor characteristics and combustion characteristics are analyzed. At the same time, combined with the engine calculation program, the following conclusions are drawn:
(1) With the increase of air moisture content, the specific heat and gas constant of the working medium increase while the specific heat ratio decrease, and the three are approximately linear with the change of air moisture content. When the air moisture content increases by 0.01, the specific heat and gas constant increases 0.92%, 0.55%, respectively, and the specific heat ratio decrease by about 0.14%.
(2) The change of air moisture content has little effect on the compressor pressure ratio, almost negligible, but it will affect the efficiency and flow rate. When the air moisture content is 0.02, the efficiency increases by about 0.7%, and the air flow decreases by about 0.6%.
(3) The change of air moisture content has a great influence on fuel consumption. With the increase of air moisture content by 0.01, fuel consumption increases by 2.7%, i.e. the energy consumption increases.
(4) With the change of air moisture content, the change of total temperature and total pressure of each section is small, which can be ignored.
(5) The air moisture content also affects the trend of thrust as well as the fuel consumption. When the air moisture content increased by 0.01, the thrust decreased by about 0.3%, the fuel consumption increased by about 3%.
